Abstract: There is a severe shortage of donor corneas available worldwide for transplantation, with the number of patients in need of transplant greatly exceeding the number of cornea tissues available. Understanding awareness and attitudes about corneal donation worldwide is a critical step toward addressing this shortage. In this review, awareness of corneal donation and reported willingness to donate are summarized from 55 published studies across 13 countries. In general, many more respondents indicated positive attitudes toward eye donation and willingness to donate their eyes than the number of respondents who have pledged their eyes for donation, suggesting an unrealized potential of additional donors. Specifically, of 38,851 respondents across all included studies, 52% endorsed a willingness to donate their eyes after death, yet only 5% reported being a pledged donor. The most commonly cited reason for not being a registered eye donor was lack of awareness about eye donation. The disconnection between the large number of people who expressed willingness to donate and the scarcity of individuals who have pledged their eyes for donation could be addressed through educational media campaigns, collaborations with medical personnel, partnerships with grief counselors and religious leaders, use of social media, and educational sessions with medical students and staff.
Introduction
Blindness from corneal opacity is a significant public health burden that is estimated to affect 1.5 million persons and accounts for about 4% of cases of blindness worldwide. 1 A disproportionate share of corneal blindness falls on Asia, where estimates of corneal blindness in China have ranged from 10 to 15% of all blindness. 2, 3 Similarly, the Andhra Pradesh Eye Disease Study in India found the prevalence of corneal blindness to be 0.13%, which constituted 9% of all blindness. 4 Corneal transplantation is an effective treatment option for many patients with corneal disease, with a high success rate in restoring sight. Unfortunately, a major limiting factor in performing corneal transplants is availability of donor tissue, especially in Asian nations. 5 A recent global survey of eye banking and corneal transplantation quantified the drastic mismatch between supply and demand of donor corneas worldwide, finding only 1 cornea available for every 70 needed. 6 The shortage of available corneal tissue highlights the importance of exploring limiting factors in corneal donation worldwide. The purpose of this review is to examine awareness and attitudes about corneal donation worldwide and to use this information to identify possible interventions to increase rates of cornea donation.
A nonlanguage-restricted search of the literature was conducted for publications from any date in the PubMed/ MEDLINE and Google Scholar databases. Search terms included "eye donation," "cornea donation," "attitudes AND awareness AND eye donation," "interventions AND eye OR cornea donation," and "attitudes OR awareness OR interventions AND eye OR cornea OR organ donation." Abstracts were reviewed for relevance. References of included papers were also reviewed for further sources. Out of 127,712 initial results from the literature search, 330 articles were screened for relevance based on title or abstract. In total, 55 articles were found to meet inclusion criteria for this review. See Figure 1 for a flow chart of article selection.
Awareness of corneal donation worldwide and willingness to donate
We identified 55 studies that have evaluated awareness of corneal donation across the world, with methods ranging from surveys to door-to-door interviews (Table 1 ). Over half of these studies come from India, where the shortage of cornea tissue for transplant is particularly severe. 4 Nations represented in this review include Australia, 7 China, [8] [9] [10] Ethiopia, [11] [12] [13] Ghana, 14 India, Malaysia, 46, 47 Nepal, 48, 49 Nigeria, [50] [51] [52] [53] Pakistan, 54, 55 Saudi Arabia, 56, 57 Singapore, 58, 59 Turkey, 60 and the United States. 61 Study populations include eye patients, family members of eye patients, general community populations, adolescents, university students, physicians, and medical or health science students. In total, these studies have surveyed or interviewed a total of 38,851 people about awareness or willingness to donate their eyes after death.
While the methods vary widely between studies, particularly in survey design and question wording, general themes can be summarized. Awareness of corneal donation ranged from 8.4% among eye patients in Ghana to 100% among a sample of medical students in India, 14, 44 averaging 71% across all included studies. Willingness to donate ranged from 7.3% among surveyed urban Pakistanis to 90% of patients at a tertiary eye institute in the United States, 55, 61 averaging 52% across all studies. Of note, these figures may be artificially high as social desirability bias may lead some respondents to give an untruthful positive response. Even among studies with a large percentage expressing willingness to donate their eyes after death, the actual number who have pledged their eyes for donation ranged only from 0.1% to 11%, 49, 61 averaging 5% between all studies, indicating a disconnect between having an interest in eye donation and registering as an eye donor (Table 1) .
Factors associated with awareness and willingness to donate
Several characteristics have been associated with willingness to donate eyes. One factor is race. Among a United States population, white race compared to black race was associated with higher rates of willingness to consider donation. 61 Among Singaporean adults, ethnic Chinese were significantly 
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worldwide awareness and attitudes towards corneal donation more likely to report being willing to donate compared to ethnic Malays. 59 In contrast, among outpatients in Malaysia, willingness was higher among those who identified as Indian race compared to those who identified as Chinese. 46 Although most studies found no association between gender and willingness to donate, male gender has been positively associated with willingness to donate corneas after death in some studies among Chinese and Indian residents. 8, 33, 36 Older age has been inconsistently identified as a factor associated with increased willingness to donate. 8, 39, 58 However, Dandona et al and Palamar et al found that older age was associated with decreased willingness to donate, 20, 60 and other studies found no association between age and willingness to donate. 9 Regarding religion, atheists and non-Muslims had the highest rates of willingness to donate among Singaporean adults, 58, 59 and non-Muslim religion has been associated with increased willingness to donate among other global populations. 11, 20 Higher levels of education are also associated with increased willingness to donate. 8, 11, 13, 20, 35, [59] [60] [61] Not surprisingly, being a registered tissue donor was associated with higher levels of willingness to donate corneas after death among a Chinese population. 8 One modifiable factor associated with increased willingness to donate is awareness about eye donation and knowledge about corneal transplantation, with higher knowledge scores correlating with increased willingness to donate in several studies across different communities in the world. 9, [11] [12] [13] 58, 59 Survey respondents who indicated that they have discussed eye donation in the past were also more likely to donate. 9 While surveys of medical professionals generally had higher reported rates of awareness of eye donation, there is room for improvement among this influential population.
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Learning about eye donation Most respondents reported learning about eye donation through television or other media, suggesting a possible outlet for future public health campaigns. 13, 23, 27, 30, 33, 35, 36, 39, 40, 46, 56 Even among medical professionals in India and Nigeria, television and newspapers were the most common source of information about donation, outranking lectures and seminars. 23, 26, 28, 40, 51 One survey of secondary school students was an exception, with the most common source of knowledge about corneal donation coming from family, friends, or medical staff followed by media. 24 Reasons cited for choosing to be an eye donor or not
The most common reasons for being willing to donate include the opportunity to help the blind, 12, 13, 23, 24 the feeling that eye donation is a noble act, 13, 23 and the thought that eyes are not required after death. 24 Commonly cited reasons for not being a registered donor or being unwilling to donate include not having had enough information about eye donation to decide or lack of awareness about eye donation, 13 
Characteristics of registered eye donors
Several studies have evaluated the characteristics of eye donors. Ranjan et al analyzed the demographic profile of registered eye donors in eastern India. 62 During a 4-year period, 743 corneas were retrieved from 373 donors. The mean donor age was 52 years, there were twice as many male compared to female donors, and most common causes of death included cardiorespiratory failure and road traffic accident. Most of the consents to donate were given by sons or daughters of the deceased. Notably, the majority (86%) of donors were motivated to donate by eye donation counselors, whereas only 14% were voluntary without this prompting. 62 At another site in India, Ronanki et al interviewed 50 next of kin of deceased eye donors to understand the motivations of the donors. 39 They found that 82% donated without prior pledging and that the family took initiative for donation in 84% of cases. The reasons individuals elected to donate included feeling that donation is good work and finding satisfaction in giving sight to the blind. 39 In China, Liu et al evaluated the demographic characteristics of 918 voluntary donors who registered in Beijing Tongren Hospital Eye Bank over a 10-year period. 63 The authors found that age over 50, female gender, Han race, tertiary-level education, and white collar work were factors that were significantly associated with being a registered donor, which are generally consistent with factors associated with expressed willingness to donate. In a separate survey of registered tissue donors in Nanjing, China, Chu et al identified characteristics that differed between registered donors and control residents. 8 Tissue donors had better knowledge about the donation process, had less misconception about disfigurement from corneal retrieval, and were significantly more likely to have discussed donation with their family. 8 
eye donation for research
While the general emphasis of survey studies on attitudes about eye donation has focused on the need for corneal tissue for clinical transplantation, it is also notable that there is a tremendous unmet need for eye tissue for research. 64 Donor tissue is particularly critical for research on eye diseases that occur primarily in humans, such as age-related macular degeneration and open-angle glaucoma. Unfortunately, the availability of eye tissue for researchers has been declining. 65 Statistics compiled by the Eye Bank Association of America demonstrate a continued downward trend of both the proportion and the total number of eye tissues distributed for research in the United States. Specifically, in 2016, 12.5% of a total of 136,318 total whole eyes and corneas donated were distributed for research, which is down from 16.5% of 116,990 donor eyes in 2012. 66 Researchers have expressed concerns about the declining availability of human eye tissue to pursue their study of blinding diseases. 64 Efforts to ameliorate the critical shortage of tissue for research have included increasing communication with eye patients about the opportunity to donate for research and fostering collaborations with local eye banks. Eye tissue used for research generally does not qualify for corneal transplantation due to presence of disease or advanced age, allowing pursuit of parallel goals to recruit eye donors for transplant and research use. Pilot survey studies suggest support for eye donation for research among eye patients and eye care providers, including the appropriateness of bringing up the topic at clinic appointments. 61, 67 Among Australian patients with age-related macular degeneration, a 15-minute counseling session about eye donation led to a greater interest in donating for 68% of patients interviewed, particularly for the purpose of research on their disease. 68 Along the same lines, a proposed, prospective eye donation registry for research was generally well received among a population of ophthalmic patients, with 55% of those surveyed willing to consider joining the hypothetical donor list, suggesting unmet potential to recruit prospective donors. 61 Additionally, collaborative programs between academic centers and eye banks have been proposed to ensure that individuals with a wish to donate for research would have their eyes procured despite not qualifying for clinical transplant use. 69 As interventions increase awareness about eye donation in general, more opportunities will arise to discuss the possibility of donating for research with patients who may have a wish to do so.
interventions to increase donor rates
A common theme across the included studies is that few respondents were registered donors, but many had positive 20 Similar findings were noted in a survey of rural Indian adults, with 32.9% willing to donate but only 0.5% had pledged their eyes. 27 This same pattern was also noted among rural Nepalis and patients in the United States. 49, 61 The disconnect between having an interest in donating and being registered to donate suggests an unmet potential to recruit more eye donors.
Media campaigns
Informational media campaigns about eye donation and the process to register as a donor could be an effective intervention to increase donor rates, especially given that television and newspapers are the most commonly cited sources of information on donation. Knowledge about corneal donation is a factor positively associated with willingness to donate, and knowledge scores on the donation process have been generally low across several studies, even among health professionals. 21, 40, 48, 52 Further demonstrating the general lack of knowledge of corneal donation, only half (58%) of cornea recipients in Israel were aware that the graft came from a deceased person. 70 It is also notable that the majority of respondents in various surveys were unaware about how to become an eye donor, 8, 10, 21 and needing more information was the most commonly cited reason for not being a registered donor across multiple studies. Increasing knowledge about eye donation and informing the public about the process of registering to pledge one's eyes after death through media campaigns could tap into the tremendous unmet potential of those who are willing to donate their eyes but are unaware of the process, 71 as long as these interventions are carefully designed to communicate accurate information while minimizing bias. 72 education initiatives for medical staff Several interventions to increase eye donor rates have been published in the literature. At the University of Iowa, a retrospective review found that 12 of the last 50 consecutive deaths at the cardiovascular intensive care unit could have qualified as cornea donors, but only one donated eyes after death. 73 Nurses and house staff cited not thinking to ask as the most commonly cited obstacle to procurement. In order to increase rates of donation, a 30-minute in-service education session was held with nurses and house staff to review transplantation eligibility criteria and logistics of eye donation. The authors found that procurement of transplantable corneas doubled the year after the intervention to 42 compared to average of 22 per year during the 3 years prior. This study highlights the benefits of collaborative efforts with intensive care staff in facilitating discussion of eye and organ donation at the end of life.
involvement of grief counselors and religious leaders
Similarly, the use of grief counselors in intensive care units in India has been associated with a significant increase in eye donation. Counselors play a particularly important role in providing discussion about eye donation with next of kin, for whom lack of information on the topic leads to high rates of procurement refusal. 74, 75 Sharma et al conducted a prospective study in which grief counselors identified 554 critically ill patients and discussed the topic of eye donation with their families. 76 In a follow up survey, the grief counselors had the largest influence on the decision to donate. In a separate pilot intervention, counselors from a regional eye bank were notified of every hospital death and reached out to the next of kin to discuss the possibility of eye donation. This intervention resulted in a 68% increase in cornea donations compared to the pre-intervention phase. 77 Further highlighting the importance of grief counselors in promoting eye donation, a review of eye tissue donors in India found that grief counselors motivated a total of 86% of donors. 62 The use of eye donation counselors, while resource intensive, can significantly increase the conversion rate for corneal donors.
Given the cultural sensitivity of pledging eyes at the end of life, the involvement of religious leaders has been demonstrated to increase willingness to donate eyes after death. Gogate et al enlisted the help of local priests to discuss the importance of giving and the opportunity of eye donation when giving the last rites to a dying family member. 78 The incorporation of the discussion of eye donation in the context of religious ritual increased the number of corneas collected from none in the year before implementation to 254 during the first year of the program.
interventions from the organ donation literature inquiring about donation registration at government offices Insights on interventions to increase donor rates can also be gleaned from the larger literature on organ and tissue donation. In the United States, nearly all registered organ and tissue donors joined the registry through their local Department of Motor Vehicles (DMV) office, which issues drivers' licenses. 79 Additional education and motivational sessions with clerks at these offices has yielded yet higher donor rates, [79] [80] [81] and the inclusion of an informative video about organ donation at the time of DMV appointment has increased donor rates among minority groups. 82 The incorporation of a prompt for organ, eye, and tissue donation at government offices may have similar success in other countries as long as varying cultural norms are adequately addressed.
Social media
The use of social media has been a recent development for communicating about one's intention to donate across a social network. Cameron et al describe the positive effects on organ donor registration following the decision by Facebook, a social media website, to allow users to designate "organ donor" as part of their user profile. 83 After making this designation, users in the United States are given a link to their state registry to complete the registration process, and their social media contacts are made aware of this status update. On the first day of this initiative, there was a 21-fold increase in new online organ and tissue donor registrations compared to baseline, where there was no increase in registrations at the DMV over this timeframe. In another Facebook initiative, Kumar et al collaborated with the social media company to design a mobile application (or app) as a platform for those awaiting organ transplant to communicate their personal story. 84 Compared to a control group, those who used the app were 6 times more likely to have a living donor come forward on their behalf. As more of the world becomes connected to the Internet, online registration and promotion through social media platforms is a promising opportunity to increase donor rates for solid organs and eye tissues alike.
Medical school coursework
Dedicating coursework for medical students about organ donation has led to increased knowledge about the organ donation process at two American universities. 85, 86 Although levels of awareness about eye donation are generally higher among medical professionals compared to the general population, knowledge scores were generally modest, suggesting an opportunity for education intervention among this influential group.
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Limitations
There are several limitations to this review. First, research methods vary greatly between included studies, particularly regarding question wording and interview methods. In particular, differences in question wording, such as asking if one is willing to donate her eyes versus asking if she is willing to consider eye donation, could lead to substantial variation in responses. Along the same lines, there are major differences between the three main outcome measures selected for this review: awareness about eye donation, willingness to donate, and self-reported status as a registered eye donor. Due to variation in study designs, all three outcomes were rarely reported in a given article, and few surveys inquired about self-reported status as a pledged donor. Furthermore, this review is unable to examine the exact relationship between awareness about eye donation and expressed willingness to donate due to variation in study designs. While this review aims to include a wide range of studies about attitudes on eye donation, the heterogeneity of study designs does limit direct comparisons between studies. Second, there is overrepresentation of a small number of countries among the included studies. In particular, a large body of the work reviewed in this paper was conducted in the developing world, with a disproportionate number conducted in India in particular, which may limit applicability of these findings elsewhere. For instance, attitudes about eye donation and potential interventions to increase donor rates may differ between areas of the world with a history of infrastructure for eye banking and organ donation compared to areas that are still growing these programs.
Conclusions
A large body of research has surveyed awareness of eye donation and willingness to donate eyes in various global populations. In general, respondents have favorable views toward eye donation, and many more have indicated a willingness to donate than have pledged to be donors. The most commonly cited reasons for not being a registered donor are lack of awareness about eye donation and not knowing how to pledge one's eyes for donation after death. These characteristics indicate tremendous potential for drastically increasing the number of registered eye donors worldwide through educational campaigns. Additionally, collaborations with medical personnel to identify potential donors and culturally sensitive interventions between grief counselors and next of kin have led to increased donor rates by informing decision-makers of the opportunity to donate eyes after death. Finally, successful interventions from the larger organ donation literature may also be incorporated to increase eye donation rates, including the integration of organ registration with local government offices, the use of social media platforms, and educational interventions for medical students. With the current severe shortage of one cornea available for every 70 needed worldwide, 6 there is a strong impetus for further interventions and research to tap into the tremendous unmet potential of willing but unregistered eye donors. 
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